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VFDQQHGLPDJH RI WKHKDQGZULWWHQ0DOD\DODP WH[W GRFXPHQWLVJLYHQDVLQSXWLQ WKLVPHWKRG DQGWKHRXWSXWLVWKHFRUUHVSRQGLQJ
0DOD\DODP WH[W GRFXPHQW$OO WKH H[LVWLQJ V\VWHPV IRU0DOD\DODPKDQGZULWWHQ WH[W DUH IRU UHFRJQL]LQJ LQGLYLGXDO FKDUDFWHUV
VHSDUDWHO\ DQG DOVR WKH\ GHDO RQO\ ZLWK D VXEVHW RI 0DOD\DODP FKDUDFWHUV +HUH WKH KDQGZULWWHQ GRFXPHQW VKRXOG EH ILUVW
VHJPHQWHG LQWR LQGLYLGXDO OLQHV 7KH VHJPHQWDWLRQ RI KDQGZULWWHQ GRFXPHQWV LQWR OLQHV VKRXOG DGGUHVV PDQ\ SUREOHPV OLNH
GLIIHUHQWKDQGZULWLQJVW\OHVRYHUODSSLQJOLQHVDQGFKDUDFWHUVVNHZHGFKDUDFWHUVDQGOLQHVGLIIHUHQWIRQWVL]HVHWF7KHVHLVVXHV
DUHFRQVLGHUHGGXULQJWKHVHJPHQWDWLRQSURFHVV7KHVHVHJPHQWHGOLQHVDUHVHJPHQWHGLQWRZRUGVDQGDIWHUZDUGVVHJPHQWHG WR








HGLWDEOH WH[W GRFXPHQW IRUPDW ZKLFK FDQ EH VWRUHG LQ D FRPSXWHU:LWK WKLVPHWKRG ZH FDQ HDVLO\ FRQYHUW ROG
KDQGZULWWHQGRFXPHQWVLQWR DQHOHFWURQLFIRUPDW 7KHKDQGZULWWHQGDWDFDQEHFRQYHUWHGLQWRGLJLWDOIRUPDWHLWKHU
E\ RQOLQH UHFRJQLWLRQ RU E\ RIIOLQH UHFRJQLWLRQ ,Q RQOLQH UHFRJQLWLRQ >@ ZH ZULWH XVLQJ DQ HOHFWURQLF SHQ RU
&RUUHVSRQGLQJDXWKRU7HO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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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VW\OXV RQ DQ HOHFWURQLF VXUIDFH VXFK DV WDEV RU D GLJLWL]HU ZLWK D OLTXLG FU\VWDO GLVSOD\ +HUH ZH FDOFXODWH WKH
YHORFLW\ PRPHQWXP SUHVVXUH HWF RI WKH ZULWHU WR GLIIHUHQWLDWH EHWZHHQ WKH OHWWHUV %XW LQ WKH FDVH RI RIIOLQH
UHFRJQLWLRQZHVFDQWKHWH[WGRFXPHQWVDQGFRQYHUWWKHPLQWR D GLJLWDOIRUP HLWKHUE\XVLQJ D FDPHUDRUDVFDQQHU
$JRRGV\VWHPVKRXOGEHFDSDEOHRIKDQGOLQJGLIIHUHQWKDQGZULWLQJVW\OHVGLIIHUHQWIRQWVL]HVHWF 7KHPDLQVWHSV
LQYROYHGLQKDQGZULWLQJUHFRJQLWLRQ DUHD VHJPHQW WKHWH[WLQWROLQHVEVHJPHQWWKHOLQHVLQWRZRUGV FVHJPHQWWKH
ZRUGVLQWRFKDUDFWHUV DQGILQDOO\G &KDUDFWHU,GHQWLILFDWLRQ
)RUEHWWHUUHVXOWV ZHFDQDGGVRPHSUHSURFHVVLQJDQGSRVWSURFHVVLQJVWDJHV DOVR,QWKHSUHSURFHVVLQJVWDJH
WKHFDVHVRIWRXFKLQJDQG RYHUODSSLQJOLQHVDQGFKDUDFWHUV VNHZHGOLQHV IOXFWXDWLQJOLQHV HWF FDQEHKDQGOHG7KH
PLVWDNHVRFFXUUHGGXULQJWKHUHFRJQLWLRQVWDJHDUHKDQGOHGLQWKHSRVWSURFHVVLQJ SKDVH
,Q WKH SUHSURFHVVLQJ VWDJH ZH UHPRYH WKH QRLVH LQ WKH GRFXPHQW LPDJH )HDWXUH H[WUDFWLRQ SKDVH LQFOXGHV
LGHQWLI\LQJDQGH[WUDFWLQJWKHXQLTXHIHDWXUHVWKDWFODVVLI\HDFKFKDUDFWHUXQLTXHO\7KHFODVVLILFDWLRQLVGRQHLQWKH
FODVVLILFDWLRQSKDVHXVLQJDFODVVLILHU
7KH FKDUDFWHU UHFRJQLWLRQ V\VWHP FDQ EH XVHG LQ SRVWDO DXWRPDWLRQ EDQN FKHTXH SURFHVVLQJ DXWRPDWLRQ RI
SURFHVVLQJ RI ODUJH YROXPHV RI GDWD ODQJXDJH EDVHG OHDUQLQJ OHGJHULQJ FDWDORJXH IRU OLEUDU\ HWF (YHQ WKRXJK
VWXGLHVKDYH EHHQGRQHIRUODQJXDJHVOLNH&KLQHVH/DWLQDQG(QJOLVKUHVHDUFKRQ,QGLDQVFULSWV DUHVWLOODWWKHEDVLF
OHYHO
0DOD\DODP LV RQH RI WKH WZHQW\ WZR VFKHGXOHG ODQJXDJHV LQ ,QGLD ZLWK ULFK OLWHUDU\ KHULWDJH &KDUDFWHU
UHFRJQLWLRQLQ0DOD\DODPODQJXDJHLVPRUHFRPSOH[GXHWRWKHKXJH FKDUDFWHUVHWDQGKLJKVLPLODULW\RIFKDUDFWHUV
7KH SUREOHP EHFRPHV PXFK PRUH GLIILFXOW LQ WKH KDQGZULWWHQ GRPDLQ GXH WR WKH YDU\LQJ ZULWLQJ VW\OH RI HDFK
LQGLYLGXDO7KH0DOD\DODP VFULSWFRQVLVWVRIYRZHOV FRQVRQDQWV DQG SXUHFRQVRQDQWV DVVKRZQLQ)LJ
FRPSRXQG FKDUDFWHUV DVLQ)LJ DQG GHSHQGHQWYRZHOVDVLQ)LJ
)LJ 9RZHOVFRQVRQDQWVDQGSXUHFRQVRQDQWV )LJ FRPSRXQGFKDUDFWHUV
)LJGHSHQGHQWYRZHOV
 5HODWHG:RUN
,W LV KDUG WR ILQG D FRPSOHWH 0DOD\DODP 2SWLFDO &KDUDFWHU 5HFRJQLWLRQ 2&5 V\VWHP ZKLFK UHFRJQL]HV DOO
FKDUDFWHUVSHUIHFWO\0DOD\DODP2&5ODFNVDQHIILFLHQWDOJRULWKP(YHQLQWKHSULQWHGFKDUDFWHUGRPDLQDYHU\IHZ
DGYDQFHPHQWV KDV EHHQ PDGH IRU WKLV ODQJXDJH 7KH ILUVW 2&5 V\VWHP IRU SULQWHG FKDUDFWHUV ZDV GHYHORSHG E\
&HQWUH IRU 'HYHORSPHQW RI $GYDQFHG &RPSXWLQJ >@ &'$& 7KLUXYDQDQWKDSXUDP D *RYHUQPHQW RI ,QGLD
LQVWLWXWLRQ ,WXVHV2WVX¶VDOJRULWKPIRUELQDUL]DWLRQDQG3URMHFWLRQSURILOHPHWKRG LV XVHG IRU VNHZGHWHFWLRQDQG
FRUUHFWLRQRI LPDJH ,Q WKH UHFRJQLWLRQSKDVH OLQJXLVWLF UXOHV DUH DSSOLHG$QDFFXUDF\RI  LV UHSRUWHG LQ WKLV
PHWKRG
:DYHOHW WUDQVIRUP>@ LVDQHIILFLHQWPHWKRG IRUFKDUDFWHU UHFRJQLWLRQ ,WGHFRPSRVHVDQ LPDJHRIDFKDUDFWHU
LQWR D VHW RI GLIIHUHQW UHVROXWLRQ VXELPDJHV FRUUHVSRQGLQJ WR WKHYDULRXV IUHTXHQF\EDQGV7KLV UHVXOWV LQ VSDFH
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LPSURYHG LQ0DVKD15HPD HW DO >@ WR LQFOXGH EDFNJURXQG FRORXU LQIRUPDWLRQ DQG E\ DGGLQJ SRVLWLRQV RI WKH
SDWWHUQV 7KLV PHWKRG LV XVHG LQ0 6 5DMDVUHH HW DO >@ ZKLFK LQFOXGHV FRPSRXQG FKDUDFWHUV DOVR &RPSRXQG








JUDGLHQW RI WKH FKDUDFWHU LPDJH LV XVHG WR H[WUDFW WKH IHDWXUHV LQ >@ ,Q WKLV ZRUN WKH WZHOYH GLUHFWLRQDO FRGHV
GHSHQGLQJRQWKHJUDGLHQWGLUHFWLRQLVFRXSOHGZLWKDVWDWLVWLFDOFODVVLILHUIRUGHVLJQLQJDQRIIOLQHUHFRJQLWLRQV\VWHP
IRU KDQGZULWWHQ LVRODWHG0DOD\DODP FKDUDFWHUV 6SDWLDO *DERU ILOWHUV DUH XVHG WR H[WUDFW WKH 6SDWLDO*DERU EDVHG








'RFXPHQWV LQ WKH LPDJH IRUPDW DUH JLYHQ DV LQSXW WR WKH V\VWHP7KH LPDJHV FDQ EH RI DQ\ IRUPDW OLNH*,)
-3(*31*7,))HWF7KHVHLPDJHVDUHDFTXLUHGXVLQJDGLJLWDOFDPHUDRUE\DVFDQQHU
 3UHSURFHVVLQJ
7KH LQSXW LPDJH LVFRQYHUWHG LQWRJUD\VFDOH LPDJH LI LW LV LQ5*%RUDQ\RWKHU LPDJH IRUPDW7KHJUD\ VFDOH
LPDJHREWDLQHGLVELQDUL]HGIRUIXUWKHUSURFHVVLQJ 2WVX¶VPHWKRGLVXVHGIRUELQDUL]DWLRQ7KHWKUHVKROGYDOXHIRU
ELQDUL]DWLRQLVIL[HGXVLQJ0DWODELQEXLOWIXQFWLRQ JUD\WKUHVK ,QWKHELQDUL]HGLPDJHDOOWKHEODFNSL[HOVKDYHWKH
SL[HO YDOXH ]HUR DQG WKHZKLWHSL[HOV KDYHSL[HO YDOXHRQH)RU IXUWKHU SURFHVVLQJ WKHVHYDOXHV DUH LQYHUWHG7R






7RGHDOZLWK WRXFKLQJDQGVNHZLQJOLQHV ZHGLYLGHWKHZKROHGRFXPHQW LQWRDQHTXDOQXPEHURIYHUWLFDOVWULSHV
>@7KHZLGWK RI WKH ODVW VWULSH PD\ EH GLIIHUHQW +HUHZH GLYLGHG LQWR WKUHH YHUWLFDO VWULSHV%\ GLYLGLQJ WKH
GRFXPHQW LQWRYHUWLFDO VWULSHVZH FDQ UHPRYH VRPHRI WKH WRXFKLQJSRUWLRQV DQG DOVR OLQHV FDQEHPDGH DOPRVW
VWUDLJKWLQHDFKVWULSH$IWHUGLYLGLQJLQWRVWULSHV WKHVXPRISL[HOYDOXHVLQHDFKURZRIWKHVWULSHVLVFDOFXODWHG
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VXFK WKDW LW ZLOO VHJPHQW WKH FKDUDFWHUV LQ WKH GRFXPHQW DQG VKRXOG QRW EH WRR ODUJH VXFK WKDW WKH SXUSRVH RI
GLYLVLRQLVQRWPHW
6WHS&DOFXODWHURZVXPRISL[HOYDOXHLQHDFKVWULSHVFDOOHG+RUL]RQWDO3URMHFWLRQ+3YDOXH
6WHS,IZHJHWDQXPEHURIURZV ZLWK+3YDOXH]HUR WKHQWKHILUVW URZ VXFFHHGLQJWKHVHURZV ZLWKQRQ]HUR
+3YDOXHLVFKRVHQDVWKHILUVWSRLQWIRUVHJPHQWDWLRQ $IWHUWKDWWKHILUVWURZ ZLWK]HUR+3YDOXH VXFFHHGLQJWKHVH
QRQ]HUR+3YDOXH LVFRQVLGHUHGDVWKHODVWSRLQWIRUVHJPHQWDWLRQ6RWKHOLQHVHJPHQWOLHVEHWZHHQWKHILUVWDQG WKH
ODVWSRLQW >@
,QWKHQH[WVWHSZHQHHGWRMRLQWKH OLQHVHJPHQWVLQHDFKVWULSH WRJHWWKHIXOOOLQH ,WLVGRQHDVIROORZV
6WHS &DOFXODWHWKHGLVWDQFH'EHWZHHQWKHFRUUHVSRQGLQJVHJPHQWVLQDGMDFHQWVWULSHVLWK DQG LWK 
6WHS,I'!WK RIWKHOLQHKHLJKWWKHQWKHUHLVQR OLQHVHJPHQWWRMRLQLQWKH LWK VWULSH 6R PRYHRQWRWKH
QH[W VWULSH2WKHUZLVH MRLQ WKH WZRVHJPHQWV WR IRUPD VLQJOH OLQH VHJPHQW )LJ VKRZV WKHRULJLQDOKDQGZULWWHQ
GRFXPHQWDQG)LJ LVWKHVHJPHQWHGOLQHV
)LJ ,QSXW+DQGZULWWHQ'RFXPHQW )LJ 6HJPHQWHG/LQHV
,Q)LJ WKH ODVW OLQHVZHUHQRWVHJPHQWHGXVLQJ WKLVPHWKRGHYHQ WKRXJK WKHVH WZR OLQHVDUHQRW WRXFKLQJ
SK\VLFDOO\+HUH ZHFDQ¶W ILQGDQ\ URZZLWK]HUR+3YDOXH 6R WKH UHVXOW LV WKDW WKHVH WZR OLQHVDUH VHJPHQWHG
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7KHDYHUDJHKHLJKWRIFRQQHFWHGFRPSRQHQWREWDLQHGIRU)LJLVZKLOHWKHWRXFKLQJOLQHKDVDKHLJKW
RIZKLFKLVPRUHWKDQGRXEOHRIWKHDYHUDJHFKDUDFWHUKHLJKW6RWKHOLQHVDUHVHJPHQWHGDVVKRZQLQ )LJ
)LQDOO\GXH WR WKHSUHVHQFHRI QRLVHLQWKHGRFXPHQW ZHPD\JHWVRPHH[WUDOLQHV ,QRUGHUWR UHPRYHDOO VXFK
XQZDQWHG OLQHVUHPRYHVHJPHQWVZKRVHKHLJKWV DUHOHVVWKDQWK RIWKHDYHUDJHFKDUDFWHUKHLJKW
 :RUG6HJPHQWDWLRQ
1H[WVWHSLVWR GLYLGHWKH VHJPHQWHG OLQHVLQWRZRUGV7KHPDLQSULQFLSOHEHKLQGWKLVLVWKHIDFWWKDWWKHGLVWDQFH
EHWZHHQWKHZRUGVLVJUHDWHUWKDQWKHGLVWDQFHEHWZHHQWKHFKDUDFWHUVZLWKLQ HDFK ZRUG 7RVHSDUDWHLQWRZRUGVZH
QHHG WR FRPSDUH WKHGLVWDQFH FDOFXODWHG EHWZHHQ WKH FKDUDFWHUV ZLWK D WKUHVKROGYDOXH )RU ILQGLQJ WKH WKUHVKROG
YDOXHZH KDYHGHYLVHG DQHZPHWKRG DQG WKH VWHSV LQYROYHG LQ LW DUHJLYHQ LQ VHFWLRQ 9HUWLFDO SURMHFWLRQ
SURILOH>@LVXVHGIRU FDOFXODWLQJWKHGLVWDQFHEHWZHHQFKDUDFWHUV(DFKOLQHLVGLYLGHGYHUWLFDOO\LQWRFROXPQVDQG








6WHS&KRRVHFRXQWYDOXHV!PRGH9DOXH DQGFRXQWYDOXHVPRGH 9DOXH 8QGHUWKHDVVXPSWLRQWKDW
VSDFHEHWZHHQZRUGVDUHDWOHDVW WLPHV WKH VSDFHEHWZHHQ WKH FKDUDFWHUV DQG WKHXSSHUOLPLW  LVWRDYRLGODUJH
VSDFHVRFFXUULQJDWWKHHQGRIVRPHOLQHV




GHSHQGHQW YRZHOV DQG FUHVFHQW PDUN FDOOHG ³FKDQGUDNNDOD´ LQ0DOD\DODP FKDUDFWHU VHW ZH FDQQRW VHJPHQW DOO
FKDUDFWHUV HIILFLHQWO\ XVLQJ YHUWLFDO SURMHFWLRQ PHWKRG DORQH 6R LQ DGGLWLRQ WR WKH 93 PHWKRG KHUH ZH DGG
FRQQHFWHGFRPSRQHQWDQDO\VLV )LQGLQJWKHFRQQHFWHGFRPSRQHQWVLQDELQDU\LPDJHUHWXUQVWKHFKDUDFWHUVLQWKDW
LPDJH %XW WKH UHWXUQHG FKDUDFWHUV PD\ QRW EH LQ FRUUHFW RUGHU DV LW DSSHDU LQ D ZRUG 6R QHLWKHU FRQQHFWHG
FRPSRQHQWDQDO\VLVDORQHQRU9HUWLFDO3URMHFWLRQDORQHFDQEHDSSOLHGWR0DOD\DODPODQJXDJH,QRUGHUWR LQFUHDVH
WKHDFFXUDF\DQG SUHVHUYH WKHRUGHURIFKDUDFWHUVZHFRPELQHYHUWLFDOSURMHFWLRQPHWKRG IROORZHGE\ FRQQHFWHG
FRPSRQHQWDQDO\VLV9HUWLFDOSURMHFWLRQYDOXHGHQRWHVWKHVXPRISL[HOYDOXHVLQHDFKFROXPQRIWKHLPDJH6LQFH
WKH LPDJH IRU FKDUDFWHU VHJPHQWDWLRQ LV D ELQDU\ LPDJH WKH YHUWLFDO SURMHFWLRQ YDOXH RI ]HUR GHQRWHV D FKDUDFWHU
ERXQGDU\7KHFKDUDFWHUVHJPHQWDWLRQLVGRQHDV IROORZV >@




6WHS,IZHJHWDQXPEHURI FROXPQVZLWK93 YDOXH]HURWKHILUVW VXFFHHGLQJ FROXPQZLWKQRQ]HUR93YDOXHLV
FKRVHQDVWKHILUVWSRLQWIRUVHJPHQWDWLRQ $IWHUWKDWWKHILUVWFROXPQZLWK]HUR93YDOXHVXFFHHGLQJWKHVHQRQ]HUR
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93YDOXHV LVFRQVLGHUHGDVWKHODVWSRLQWIRUVHJPHQWDWLRQ6R WKH&KDUDFWHU VHJPHQWOLHVEHWZHHQWKHILUVWDQG WKH
ODVWSRLQW






$JDLQ KHUH DULVHV DQRWKHU SUREOHP IRU0DOD\DODP FKDUDFWHU VHW GXH WR WKH YDULDELOLW\ RI ZULWLQJ VW\OHV 7KH
RXWSXW RI FRQQHFWHG FRPSRQHQW DQDO\VLVPD\EHRXW RI RUGHU DV LQ)LJ :KHQZHSHUIRUP93DQG FRQQHFWHG
FRPSRQHQWDQDO\VLVLQ)LJDWKHGHSHQGHQWYRZHO )LJ E LVFRPLQJILUVWIROORZHGE\WKHFKDUDFWHU)LJ
F ZKLOHORRNLQJIURPWKHOHIWVLGHRIWKHFKDUDFWHU %XWLQUHDOLW\)LJ FVKRXOGDSSHDUILUVWIROORZHGE\)LJ
E
7R GHDO ZLWK WKLV LVVXH ZH ILQG WKH PLGSRLQW RI WKH FKDUDFWHU VHJPHQW EHIRUH JLYLQJ LW WR WKH FRQQHFWHG
FRPSRQHQW DQDO\VLV VWDJH$W WKHPLGSRLQWZH WUDFH WKH FKDUDFWHU IURP OHIW WR ULJKW DQG VHDUFK IRU DQ CRQ
 SL[HO
IRUHJURXQG SL[HO :KHQZH JHW WKH ILUVW CRQ
 SL[HOZH VWRUH WKH ORFDWLRQ RI WKH CRQ









GLUHFWLRQDO FKDQJHV RI HDFK FKDUDFWHU DV IHDWXUHV 6R WKH IHDWXUH H[WUDFWLRQ VWDJH FDOFXODWHV WKH JUDGLHQW DQG
FXUYDWXUHLPDJHRIHDFKFKDUDFWHU>@ 7KHJUDGLHQWRIDQLPDJHµI¶LVGHILQHGDVDYHFWRU>J[J\@7 ZKLFKSRLQWVWR
WKH GLUHFWLRQRIWKHJUHDWHVWUDWHRIFKDQJHRIµI¶DWORFDWLRQ[\)RUFDOFXODWLQJWKH JUDGLHQW 5REHUWV¶V GLDJRQDO
JUDGLHQWRSHUDWRULVXVHG %LTXDGUDWLFLQWHUSRODWLRQ PHWKRG >@ LVXVHGWRFDOFXODWHWKHFXUYDWXUHIHDWXUH
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)LJ 2XWSXW7H[WILOH
 5HVXOWV
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H[WUDFWHGOLQHVDUHFRQYHUWHG LQWRZRUGV XVLQJ9HUWLFDO3URMHFWLRQPHWKRG :RUGVDUHFRQYHUWHG WRFKDUDFWHUVXVLQJ D
FRPELQDWLRQRI9HUWLFDO3URMHFWLRQPHWKRGDQG&RQQHFWHG&RPSRQHQWDQDO\VLV7KHQIRULGHQWLI\LQJWKHLQGLYLGXDO
FKDUDFWHUVZHXVHIHDWXUHH[WUDFWLRQE\JUDGLHQWDQGFXUYDWXUHFRPSXWDWLRQDQGIRUFODVVLILFDWLRQZHXVH6XSSRUW
9HFWRU0DFKLQH 690 :H REWDLQHG DQ RYHUDOO DFFXUDF\ RI 0RUHRYHU ZH KDG GHDOW ZLWK D KXJH VHW RI
0DOD\DODPFKDUDFWHUVUDWKHUWKDQDVXEVHWRILW
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